Introduction {#sec1_1}
============

In severe lupus nephritis (SLN), attainment of a complete remission with treatment is associated with a significantly improved prognosis and long-term outcome \[[@B1],[@B2],[@B3],[@B4],[@B5],[@B6],[@B7],[@B8],[@B9],[@B10]\]. It has been shown that the level of serum creatinine is predictive of response to therapy and long-term outcome, with poorer complete remission rates and outcomes in those patients presenting with elevated serum creatinine levels \[[@B3],[@B5],[@B9],[@B10],[@B11],[@B12],[@B13],[@B14],[@B15],[@B16]\]. As a result, early diagnosis and treatment of SLN while renal function is better preserved is critical in order to ensure improved response rates and long-term prognosis \[[@B17]\].

The purpose of this study was to determine the impact of the level of serum creatinine at baseline on the complete remission rate and long-term prognosis of patients with SLN.

Subjects and Methods {#sec1_2}
====================

Patients {#sec2_1}
--------

This retrospective study is based on 86 adult patients who originally participated in a prospective, controlled trial of plasmapheresis in SLN \[[@B18]\]. In this study, with an extended follow-up (121 ± 64 months overall) the patient data (standard therapy and plasmapheresis patients) were pooled because there had been no significant differences between the two treatment groups during the previous therapeutic trial \[[@B18]\]. The purpose of the current study was to determine the impact of the serum creatinine level at baseline on complete remission rate and long-term prognosis. Patients were categorized by baseline serum creatinine level and divided into the following categories: a serum creatinine of ≤1.0 mg/dl (n = 22), 1.01-1.5 mg/dl (n = 23), 1.51-2.0 mg/dl (n = 16), 2.01-3.0 mg/dl (n = 12), and \>3.0 mg/dl (n = 13).

The entry criteria, therapeutic and medical management protocols, and results of the initial study have been previously described \[[@B18],[@B19]\]. In brief, patients were eligible when they were ≥16 years of age, had systemic lupus erythematosus as defined by the American Rheumatism Association \[[@B20]\], and had biopsy-proven SLN. Patients who had a serum creatinine level of \>6 mg/dl, had previous plasmapheresis, or were pregnant were excluded from the study.

Entry criteria required a histologic diagnosis of SLN using a modification of the 1982 World Health Organization (WHO) classification of lupus nephritis \[[@B21],[@B22],[@B23]\]. An adequate biopsy contained \>10 nonsclerotic glomeruli, and the diagnosis of SLN was based on the presence of proliferation and/or necrosis in ≥50% of the glomeruli with or without concomitant membranous glomerulonephritis \[[@B18]\]. This pathologic rubric comprises three morphologically discrete forms of lupus glomerulonephritis: (1) segmental glomerulonephritis with active and/or necrotizing lesions in ≥50% of the glomeruli (category III ≥50%; 24 patients), (2) diffuse glomerulonephritis (category IV; 35 patients), and (3) membranous glomerulonephritis with superimposed severe segmental (≥50% glomerular involvement, category Vc ≥50%; 20 patients) or diffuse proliferative glomerulonephritis (category Vd; 6 patients). Because we have previously shown that the prognosis of these lesions is defined by the distribution of their proliferative component (segmental vs. global inflammation) irrespective of the presence of membranous glomerulonephritis, we have grouped them accordingly into category III ≥50% ± V (44 patients) and category IV ± V (41 patients) \[[@B24]\]. Based on the International Society of Nephrology/Renal Pathology Society (ISN/RPS) classification \[[@B25],[@B26]\], all patients had class IV-S or G ± V. One patient with SLN was not classifiable.

Clinical, biochemical, and serological information on the patients was obtained at baseline and at specified follow-up times during the study (weekly for 8 weeks, then at weeks 12, 18, and 24, and every 8 weeks thereafter for 2-5 years). The level of proteinuria was determined based on 24-hour urine collections. Information from the last follow-up on the clinical status of the patients with respect to mortality, end-stage renal disease (ESRD), and biochemical results for serum creatinine and urine protein levels was collected.

Treatment Protocol {#sec2_2}
------------------

The details of the treatment protocols for this study have been published previously \[[@B18],[@B19]\]. All patients initially received standard therapy with prednisone at 60 mg/day orally and cyclophosphamide at 2 mg/kg/day orally. Forty patients were randomly assigned to receive standard therapy plus plasmapheresis 3 times weekly for 4 weeks in addition to this treatment. After the initial 4 weeks of treatment, patients who improved clinically received cyclophosphamide at 1 mg/kg/day for an additional month, after which it was discontinued. The dosage of prednisone was gradually tapered over a 22-week period to 20 mg on alternate days. Patients whose renal symptoms had worsened by 4 weeks were continued on the initial high-dose prednisone and cyclophosphamide for an additional 4 weeks, and patients in the plasmapheresis arm of the study also received an additional 12 treatments \[[@B19]\].

Outcome Variables {#sec2_3}
-----------------

The outcomes were defined as follows: (1) complete remission: serum creatinine of ≤1.4 mg/dl and proteinuria of ≤0.33 g/day within 5 years of entering the study; (2) ESRD: a serum creatinine level of ≥6 mg/dl or the initiation of renal replacement therapy, and (3) death.

Statistical Analyses {#sec2_4}
--------------------

The comparison of the clinical, laboratory, and pathologic characteristics using the χ^2^ test for categorical data and the Kruskal-Wallis test (nonparametric ANOVA) for continuous data was performed using GraphPad InStat version 3.06 for Windows (GraphPad Software, San Diego, Calif., USA; [www.graphpad.com](http://www.graphpad.com)). For the analysis of length of time from entry to ESRD (renal survival) and patient survival without ESRD, product-limit life-table distributions were compared with the log-rank test statistic using GraphPad Prism version 5.00 for Windows. The results are reported as means ± SD, and p \< 0.05 was considered significant.

Results {#sec1_3}
=======

Baseline Clinical Characteristics {#sec2_5}
---------------------------------

The clinical characteristics for the 86 patients categorized by the level of serum creatinine at baseline (≤1.0 vs. 1.01-1.5 vs. 1.51-2.0 vs. 2.01-3.0 vs. \>3.0 mg/dl) are shown in table [1](#T1){ref-type="table"}. There were no differences between the groups in age, gender, race, or level of proteinuria at baseline. As expected, there was a significant difference in serum creatinine levels. There was no difference in the proportion of patients receiving plasmapheresis in addition to standard therapy between the groups.

Histologic Features {#sec2_6}
-------------------

The proportion of patients with WHO class III ≥50% ± V lesions was similar between the groups (table [2](#T2){ref-type="table"}). There was also no significant difference in the activity index, or the proportion of patients with an activity index ≥12, between the groups. There was, however, a significant difference between the groups in the chronicity index and the proportion of patients with a chronicity index ≥4. The chronicity index (2 ± 2 vs. 3 ± 2 vs. 3 ± 3 vs. 5 ± 2 vs. 5 ± 2, p = 0.002) and the proportion of patients with a chronicity index ≥4 (23 vs. 48 vs. 38 vs. 75 vs. 77%, p = 0.007) were lowest among the patients with the lowest level of serum creatinine (≤1.0 mg/dl), increased with progressively higher levels of serum creatinine, and highest in patients with a serum creatinine level of \>3.0 mg/dl.

Follow-Up {#sec2_7}
---------

The proportion of patients attaining a complete remission was significantly greater among those with the lowest level of serum creatinine at baseline (tables [3](#T3){ref-type="table"}, [4](#T4){ref-type="table"}; fig. [1](#F1){ref-type="fig"}) and decreased with increasing serum creatinine levels (86 vs. 52 vs. 19 vs. 25 vs. 0%, p \< 0.0001). Patients with a baseline serum creatinine level of ≤1.0 mg/dl were \>16 times as likely (OR 16.2; 95% CI: 4.2-61.5; p \< 0.0001) to attain a complete remission as patients with a serum creatinine level of \>1.0 mg/dl. While the time to complete remission was shortest in those patients with the lowest level of serum creatinine, this was not significant (6.3 vs. 12.3 vs. 23.3 vs. 18.3 months, p = 0.33). By life-table analysis (table [4](#T4){ref-type="table"}; fig. [1](#F1){ref-type="fig"}), the cumulative complete remission rate at 5 years was significantly greater for patients with the lowest level of serum creatinine (94 vs. 65 vs. 29 vs. 34 vs. 0%, p = 0.0002).

At the last follow-up (table [3](#T3){ref-type="table"}), a significantly greater proportion of patients with the lowest level of serum creatinine had stable renal function (77 vs. 52 vs. 38 vs. 33 vs. 8%, p = 0.001) and fewer progressed to ESRD (23 vs. 30 vs. 44 vs. 66 vs. 77%, p = 0.007) compared to those with higher levels of serum creatinine. Patients with a baseline serum creatinine level of ≤1.0 mg/dl were \>6 times as likely (OR 6.1; 95% CI: 1.9-18.6; p = 0.001) to be alive with stable renal function at the last follow-up as patients with a serum creatinine level of \>1.0 mg/dl. The overall renal survival (table [5](#T5){ref-type="table"}; fig. [2](#F2){ref-type="fig"}) and patient survival without ESRD (table [5](#T5){ref-type="table"}; fig. [3](#F3){ref-type="fig"}) were significantly greater in patients with the lowest level of serum creatinine at baseline (≤1.0 mg/dl). The 15-year renal survival rate based on the level of serum creatinine at baseline was 76 versus 57 versus 48 versus 25 versus 10% (p \< 0.0001). The 15-year patient survival rate without ESRD based on the level of serum creatinine at baseline was 76 versus 40 versus 42 versus 25 versus 8% (p \< 0.0001).

Discussion {#sec1_4}
==========

We find that in patients with SLN, the serum creatinine level at baseline is highly predictive of outcome, with the best prognosis being seen in those patients with a baseline serum creatinine level of ≤1.0 mg/dl in whom the chronicity index on renal biopsy was lowest, suggesting less irreversible damage. The complete remission rates and long-term renal survival as well as patient survival without ESRD were significantly higher in patients with a baseline serum creatinine level of ≤1.0 mg/dl than in those with a level of \>1.0 mg/dl. Patients with a baseline serum creatinine level of ≤1.0 mg/dl were \>16 times as likely to attain a complete remission, and did so in a shorter period of time, as compared to patients with a serum creatinine level of \>1.0 mg/dl. Additionally, the long-term renal survival and patient survival without ESRD were significantly greater in patients with a serum creatinine level of ≤1.0 mg/dl. Patients with a baseline serum creatinine level of ≤1.0 mg/dl were \>6 times as likely to be alive with stable renal function at the last follow-up as patients with a serum creatinine level of \>1.0 mg/dl. Thus, patients with SLN with a serum creatinine level of ≤1.0 mg/dl at baseline have an extremely favorable prognosis.

The level of serum creatinine at baseline significantly impacts the complete remission rate with immunosuppressive treatment and the long-term prognosis of patients with SLN \[[@B3],[@B5]\]. We had previously shown that the cumulative remission rate over 5 years was 78% among patients with a serum creatinine level of ≤1.4 mg/dl, 48% among those patients with a serum creatinine level of 1.41-2.5 mg/dl, and only 8% among patients with a serum creatinine level of \>2.5 mg/dl \[[@B5]\]. In the present study, we found that the cumulative complete remission rate is yet significantly higher among patients with a baseline serum creatinine level of ≤1.0 mg/dl (at 94%), compared to those with a serum creatinine level of 1.01-1.5 mg/dl (at 65%) and those with a serum creatinine level of \>1.5 mg/dl, where it is even lower, with no patient with a serum creatinine level of \>3.0 mg/dl attaining remission. In fact, only 12% of the patients with a baseline serum creatinine level of \>2.0 mg/dl attained complete remission. Few studies have assessed the impact of baseline serum creatinine levels on complete remission rates in SLN. Recently, Walsh et al. \[[@B16]\] evaluated the outcome in the 8.6% of patients in the ALMS trial with an estimated glomerular filtration rate of \<30 ml/min/1.73 m^2^ (corresponding to a serum creatinine level of approx. ≥2.0 mg/dl) and found a complete remission rate of only 6%. This extremely low remission rate among patients with markedly reduced renal function is consistent with that found in the current study. Thus, the higher the serum creatinine level at baseline, the lower the likelihood of attaining complete remission with treatment in SLN.

Consistent with the low remission rate observed in patients with a higher serum creatinine level is the finding of a poor overall long-term prognosis with an increased incidence of ESRD and death. In patients with lupus nephritis with a serum creatinine level of \>1.2 mg/dl, the relative risk of progressive renal insufficiency or ESRD is 5.6-7 times higher than in patients with a serum creatinine level of \<1.2 mg/dl \[[@B3],[@B5],[@B11],[@B13]\]. Austin et al. \[[@B11]\] found that patients with a baseline serum creatinine level of ≥1.4 mg/dl were \>3.5 times more likely to progress to end-stage renal failure over 8 years of follow-up than patients having a serum creatinine level of \<1.4 mg/dl (23 vs. 6.5/6.6%, p = 0.03). While the results in these studies are consistent with our observations, we found that the best prognosis was for patients with a baseline serum creatinine level of ≤1.0 mg/dl. We also observed that those patients with the best preserved renal function at baseline (serum creatinine level ≤1.0 mg/dl) had significantly less evidence of chronic disease on their renal biopsy as determined by the chronicity index.

In lupus nephritis, the degree of chronic disease found on biopsy, as determined by the chronicity index, is predictive of outcome. It should not be a surprise that patients with a lower chronicity index have a greater likelihood of complete remission and a better long-term prognosis with less progression to ESRD or death compared to those patients with a high chronicity index \[[@B5],[@B6],[@B7],[@B8],[@B9],[@B11],[@B13]\]. Cortés-Hernández et al. \[[@B7]\] found that patients entering complete remission had a significantly lower chronicity index than those not attaining complete remission (1.8 ± 2.6 vs. 4.1 ± 3.4, p = 0.03). Mahmoud et al. \[[@B13]\] demonstrated that patients with lupus nephritis having a favorable outcome had a chronicity index of 1.0 as compared to 3.3 in patients with an adverse outcome (defined by doubling of serum creatinine, ESRD, and/or death). It has been shown that patients with a chronicity index of \<4 are \>5 times as likely to have a complete remission as patients with a chronicity index of \>4 \[[@B5]\]. Additionally, the risk for progression to ESRD is \>3 times higher in patients with a chronicity index of \>4 \[[@B11]\].

A limitation of our study is that the follow-up information after the original study had been completed was retrospectively obtained. Additionally, after the formal study had ended, treatment of the patients was determined by the individual nephrologist and thus could vary significantly. As a result, it is unclear what kind of effect various forms of treatment may have had on outcomes.

In conclusion, we found that in SLN a serum creatinine level of ≤1.0 mg/dl at baseline is associated with the lowest amount of chronic disease on biopsy and is predictive of outcome with the greatest potential for complete remission and a favorable long-term prognosis. In those patients with a serum creatinine level of \>3.0 mg/dl in whom biopsy demonstrates significant chronic disease, the prognosis is extremely poor despite aggressive therapy. This emphasizes the importance of early diagnosis and initiation of treatment while renal function is best preserved.
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###### 

Baseline clinical characteristics

                       Baseline serum creatinine   p                                           
  -------------------- --------------------------- ---------- ---------- ---------- ---------- ------
  Patients             22 (25%)                    23 (27%)   16 (19%)   12 (14%)   13 (15%)   
  Age, years           28±8                        32±13      35±14      31±13      34±14      0.48
  Female               19 (86%)                    20 (87%)   12 (75%)   9 (75%)    12 (92%)   0.63
  Race                                                                                         
   White               13 (59%)                    15 (65%)   12 (75%)   7 (58%)    7 (54%)    0.78
   Black/other         9                           8          4          5          6          
  Serum Cr, mg/dl      0.8±0.1                     1.3±0.2    1.8±0.1    2.5±0.4    4.0±1.2    
  Proteinuria, g/day   5.2±3.3                     5.5±4.5    8.1±4.9    6.6±3.3    4.7±2.3    0.14
  Treatment                                                                                    
   Standard            11                          14         7          7          7          0.85
   Plasmapheresis      11                          9          9          5          6          

Cr = Creatinine.

###### 

Histologic features

                           Baseline serum creatinine   p                                          
  ------------------------ --------------------------- ---------- ---------- --------- ---------- -------
  Patients                 22                          23         16         12        13         
                                                                                                  
  WHO class III ≥50% ± V   13 (59%)                    8 (35%)    10 (63%)   5 (42%)   8 (62%)    0.30
  WHO class IV ± V         9                           14         6          7         5          
  Unclassified             --                          1          --         --        --         
                                                                                                  
  Activity index           11±3                        11±6       13±3       14±4      14±6       0.06
  Activity index ≥12       9 (41%)                     7 (30%)    8 (50%)    9 (75%)   9 (69%)    0.06
                                                                                                  
  Chronicity index         2±2                         3±2        3±3        5±2       5±2        0.002
  Chronicity index ≥4      5 (23%)                     11 (48%)   6 (38%)    9 (75%)   10 (77%)   0.007

###### 

Follow-up

                             Baseline serum creatinine   p                                             
  -------------------------- --------------------------- ----------- ----------- ----------- --------- ----------
  Patients                   22                          23          16          12          13        
  Follow-up, months          133±60                      122±64      130±67      130±59      71±60     0.04
  CR                         19 (86%)                    12 (52%)    3 (19%)     3 (25%)     0 (0%)    \<0.0001
  Time to CR, months                                                                                   
   Median                    6.3                         12.3        23.3        18.3        --        0.33
   Range                     1.3--56.5                   2.3--20.3   8.3--54.0   7.5--37.5   --        
  Status at last follow-up                                                                             
   ESRD                      2 (9%)                      3 (13%)     6 (38%)     7 (58%)     4 (31%)   0.01
   ESRD/death                3 (14%)                     4 (17%)     1 (6%)      1 (8%)      6 (46%)   0.04
   Death                     0 (0%)                      4 (17%)     3 (19%)     0 (0%)      2 (15%)   0.16
   Stable renal function     17 (77%)                    12 (52%)    6 (38%)     4 (33%)     1 (8%)    0.001

CR = Complete remission.

###### 

Cumulative complete remission rates

                                        Baseline serum creatinine   p                      
  ------------------------------------- --------------------------- ----- ----- ----- ---- --------
  Patients                              22                          23    16    12    13   
  Cumulative complete remission rates                                                      0.0002
   6 months                             41%                         14%   0%    0%    0%   
   12 months                            50%                         29%   8%    9%         
   18 months                            63%                         53%   8%    9%         
   24 months                            68%                         65%   18%   20%        
   36 months                            81%                         65%   18%   20%        
   48 months                            87%                         65%   18%   34%        
   60 months                            94%                         65%   29%   34%        

###### 

Renal survival and patient survival without ESRD

                                  Baseline serum creatinine   p                       
  ------------------------------- --------------------------- ----- ----- ----- ----- --
  Patients                        22                          23    16    12    13    
  Renal survival                  \<0.0001                                            
   1 year                         100%                        91%   86%   92%   51%   
   5 years                        81%                         82%   72%   67%   10%   
   10 years                       81%                         82%   48%   38%   10%   
   15 years                       76%                         57%   48%   25%   10%   
  Patient survival without ESRD   \<0.0001                                            
   1 year                         100%                        87%   75%   92%   38%   
   5 years                        81%                         69%   63%   67%   8%    
   10 years                       81%                         69%   42%   38%   8%    
   15 years                       76%                         40%   42%   25%   8%    

[^1]: See the Appendix for a list of additional members of the study group.
